Growth rates for 44 species of trees in a posthurricane forest in Nicaragua were measured. The pattern is consistent with the interpretation of succession as a two stage process: an initial building phase after the hurricane followed by a thinning phase. Localities that were damaged less from the hurricane are now entering the thinning phase of postdisturbance succession, while those subjected to the most severe damage appear to remain in the building phase.
Cohen 1991). In forests, windthrows are a major component of natural forest dynamics, whether in the form of a single felled tree creating a light gap (Brokaw 1987 , Denslow 1987 or a large storm creating an extensive area of damage (Vandermeer et al. 1990 (Vandermeer et al. , 1996 Brokaw &Walker 1991 , Yih et al. 1991 . Understanding the details of postdisturbance succession remains an important research goal of forest ecology. Here we present data on the rate of growth in tree height of the trees in a lower canopy of a regenerating rain forest, following the catastrophic damage of a hurricane six years ago.
Hurricane Joan struck the eastern seaboard of Nicaragua in October 1988, causing extensive damage to the lowland rain forests (Boucher 1989 ,Vandermeer et al. 1990 ). In the six years following the hurricane, we have witnessed the successional processes at four localities. The forest initially exhibited major physical damage with the majority of trees either coppiced, truncated or felled (Yih et al. 1991) with complete defoliation of all trees. How-' Received 2 July 1996; second revision accepted 6 June 1997.
Corresponding Author: John Vandermeer, Department of Biology, University of Michigan, Ann Arbor, Michigan 48109; e-mail jvander@umich.edu ever, soon there was a large amount of resprouting in almost all damaged trees (Vandermeer et al. 1990 , Yih et al. 1991 , followed by a large delayed mortality the following year (Boucher et al. 1996) .
The trees that remained standing resprouted high on the trunk and formed a diffuse canopy, 15-20 m high. The resprouts, surviving saplings and seedlings, and the newly arrived saplings and seedlings have grown to form a low-statured canopy that is currently very dense. The process of forming this low-lying canopy is referred to as the "building phase," while the subsequent phase of intense competition is the "thinning phase" (Vandermeer et al. 1996) .
We now observe a diffuse upper canopy (ca 15-20 m high) and a dense lower canopy (ca 9 m high; Vandermeer et al. 1996) . It is in this lower canopy that we expect the process of competition to be operative, eventually leading to the elimination of many of the currently competing individuals.
Tree growth in the lower dense canopy, especially extension in height, is expected to follow certain patterns, depending upon the rate and degree of succession. We expect that the average growth rates will decline as succession proceeds. This expectation can be illustrated graphically (Fig. l) , in which species are divided into pioneer, heliophyte, and primary forest species, and the postdamage time sequence is divided into building of rain forest trees.
Diagrammatic representation of expected growth rates along the successional gradient for three guilds phase, thinning phase and mature forest. Furthermore, as the successional process proceeds from building phase to thinning phase, we expect the variability of growth rates (from individual to individual in a given species) to change from low to high, due to the shading of individuals in the lower canopy by faster-growing individuals. Our hypothesis is that in the thinning phase, all species will have low growth rates, while in the building phase, the pioneers will be growing fastest (with the heliophytes and primary forest species having depressed growth rates) because of competition from vines and other pioneer vegetation.
METHODS
The study was conducted in the region surrounding Bluefields, on the southern Caribbean coast of Nicaragua (the core area damaged by Hurricane Joan). Data from four sites located within the damaged area (Fig. 2 ) are reported. Background information on the choice and details of the sites are given in Vandermeer et al. (1996) . Note chat Bodega is almost exactly in the center of the hurricane damage area while Fonseca is near the edge of that damage. Loma de Mico is intermediate, but closer to the edge than the center. La Uni6n is a unique site in that the permanent plot there is directly to the west of a large hill, thus partly protected from the major winds of the hurricane. The appearance of this forest supports the expectation that it was the least damaged of all four plots. We take the relative position of each of the plots as a rough estimate of the position we expect to find the forest on the time axis of Figure 1 . At one extreme, we expect that Bodega will still be in the building phase since it sustained considerably more damage than the others while we expect Fonseca and La Uni6n to be at least approaching the thinning phase, due to their having experienced less damage. AEI sites are on level ground and the soils are ultisols (judging from soil maps and general appearance) with apparently similar drainages. Soil analysis (Vandermeer, pers. obs.) at Bodega and Fonseca indicated no significant differences in major nutrients, soil organic matter, or pH. There is no reason to expect significant site differences in terms of physical factors.
Beginning in 1994, tree heights were measured by means of a telescoping pole. The highest leaf on the tallest branch was taken to be the height. Because of logistic difficulties, not all trees were measured in 1994 and the remaining individuals were measured in 1995. In 1996, the heights were measured for all individuals at all four sites. Growth rates (m/yr) were calculated as either the difference between the heights in 1996 and 1995, or the difference between the heights in 1996 and 1994 divided by two. Growth rates were analyzed with an analysis of variance, after first using Bartlett's test for homogeneity of group variances. Tukey's honestly significant difference (HSD) tests were used for pairwise comparisons.
Height measurements are difficult for a variety of reasons, making the accuracy of the measurements questionable. First, it is difficult to see the top of the tree under current canopy conditions, with intertangled branches from many trees obstructing vision from almost every angle. Second, judging which branch actually ascends to the high- est point may be influenced by the particular position the observer takes in the forest; and thus the branch measured may change from one year to the next. However, these biases are not likely to be systematic. We thus have confidence in average figures but do not put much emphasis on the growth of individual trees in this paper. 
RESULTS
All growth rates were pooled at each of the four sites (Table 1) . As expected, the average growth rate for Bodega was largest, since the most severe hurricane damage had been at this site and growth into the lower canopy was still proceeding. The other [hree sites had smaller average growth rates since damage had been less severe. An analysis of variance indicated that there were significant differences among the average growth rates at the different sites (F = 31.3, P < 0.001; Bartlett's test for homogeneity of group variances yielded a chisquare of 3 1 1.4, P < 0.00 1). Pairwise comparisons indicated strong differences between Bodega and all other three sites and weaker differences among Loma de Mico, Fonseca, and La Uni6n (Table 1) . Variability, as measured by the coefficient of variation (CV), was as expected with the lowest vari- For 44 species, a minimum of 9 individuals occurred at least once at each site, enabling the calculation of growth rates for these individual species ( A paired t-test was performed on each and the CV was calculated (Table 3 ). As expected, 3 of 4 pioneerdheliophytes showed a difference between the two sites in their growth rates, still growing quite rapidly in Bodega but with significantly reduced growth rates in the more successionally advanced Fonseca. In contrast, the primary forest species (Table 3) did not show a difference in growth rates between the two sites, again as expected.
In 11 of the 12 species in this comparison (Table 3), the CVwas greater in Fonseca than in Bodega. The one exception was Byrsonima crassfolia, which had almost the same CVfor both sites. A paired t-test showed the CVs to be significant between Fonseca and Bodega; applied directly to CVS and after logrithmic transformation, Wilcoxon signed rank test gave a significance of 0.002). This was as expected from the basic theory of plant
Primary forest species
Vochysia Fonseca competition, according to the hypothesis that Fonseca is further along in the successional process such that some individuals are now being suppressed while others are growing well. In Figure 3 we illustrate typical distributions for both the pioneer/heliophyte category and the primary forest category. In both cases it is apparent that the variability at Fonseca is greater than the variability at Bodega with different means for the pioneerlheliopytes but not for the primary forest species.
DISCUSSION
What one expects to find in the growth rate of tree heights depends on where the forest is located on the time axis of Figure 1 . If the successional process is very slow, we might expect all pioneers to grow very rapidly while the primary forest species remain growth limited by these pioneers and other nonarborescent vegetation such as vines. Our expectation was that Bodega would be nearer to the origin of the time axis (Fig. 1) while the other sites would be farther to the right of that axis. This is the pattern we find. Comparing growth rates of pioneers/ heliophytes from Bodega to those from Fonseca, we find a clear pattern of reduced growth rate at the latter site. The only exception to this pattern is hertia buenkeuna, a small subcanopy tree that we suspect has reached its maximum growth capacity at all sites.
This result is consistent with our interpretation of the successional process (Vandermeer et ul. 1996 ) as a two stage process involving an initial building phase after the hurricane followed by a thinning phase. During the building phase, a low canopy is formed from resprouted saplings and previously existing seedlings. This low canopy is currently very dense and is where intense crown competition among the individual trees that form it occurs. From this intense competition we expect a thinning process to follow (Vandermeer et al. 1996) . The less damaged sites are more likely to be entering this thinning phase and those trees do show slower average growth rates. Further evidence that we have entered the thinning phase at Loma de Mico, Fonseca and La Uni6n comes from the distribution of growth rates at all four sites. The CVat Bodega is 1.15 whereas at the other three sites it is 1.51, 2.72, and 2.72, as we move to Loma de Mico, Fonseca, and La Uni6n. The high CVfor La Uni6n is probably due to that plot being protected from the high winds by the large hill to its east, as noted earlier. Furthermore, by comparing a variety of species from Bodega to those same species from Fonseca, we find a significant trend toward increased CVS in almost all species.
Taking the evidence of average growth rates along with that from differences in CVs from site to site, we conclude that the forests that were damaged less from the hurricane are now entering the thinning phase of postdisturbance succession, while those subjected to the most severe damage appear to remain in the building phase.
